This paper studies the impact of international trade in a general equilibrium model in which heterogeneous firms engage in oligopolistic competition. An increase of the size of the market leads to a decrease of the equilibrium price and an increase of per capita consumption. The opening of international trade leads to an increased degree of competition, a lower price level, and the exit of least efficient firms. Though average profit increases, not all the surviving firms benefit from the opening of international trade.
Introduction
For convenience, it is frequently assumed that firms are homogeneous in terms of their production technologies. In reality, firms may employ different technologies with different productivities over long periods of time. For example, in their study of how the West grew rich, Rosenberg and Birdzell [1986] show that water power continued to be used long after the introduction of the steam engine (p. 154) and the power loom and handloom coexisted for more than fifty years before the handloom finally disappeared (p. 160). For international difference in technologies, Chandler [1990, Chapter 7] shows that at the beginning of the twentieth century, technologies used by British firms in many capital-intensive industries were systematically less efficient than technologies used by counterpart firms in the United States.
Modern production is associated with the extensive use of machines. Machines are fixed costs of production. With the existence of significant fixed costs of production, a firm with a higher level of output has a cost advantage over a firm with a lower level of output and an industry may be monopolized. However, many countries have anti-trust laws that can be used to prevent monopoly from happening. As a result, many industries are characterized by oligopolistic competition [Chandler, 1990] . The significance of oligopolistic competition is recognized in standard textbooks on industrial organization; for example Pindyck and Rubinfeld [2005, p. 441] write "oligopoly is a prevalent form of market structure. Examples of oligopolistic industries include automobiles, steel, aluminum, petrochemicals, electrical equipment, and computers." The relevance of oligopolistic competition to international trade is even greater as firms engaging in international trade on average are larger than firms that do not engage in trade [Bleaney and Wakelin, 2002, p. 3] . Thus, firms engaging in international trade are likely to have market power and engage in oligopolistic competition.
The opening of international trade may intensify the degree of competition and lead to the exit of less efficient firms and an increase in average productivity. Empirical studies have shown that the exit of less efficient firms is an important source of the gains from trade.
2 To address the exit of less efficient firms, models based on heterogeneous firms are needed. With heterogeneous firms, the market structure can be either monopolistic competition or oligopolistic competition. With monopolistic competition and a constant elasticity of demand, a firm's price is affected only by the marginal cost and the elasticity of demand and does not change with the size of the market [Neary, 2001 [Neary, , 2003 ]. As there is only one firm producing each product, the opening of international trade does not change the degree of competition. Thus a potential channel of the impact of the opening of trade through an increase in the degree of competition is excluded.
This paper contributes to the literature by studying the impact of international trade in a general equilibrium model in which heterogeneous firms engage in oligopolistic competition. In this model, to learn its marginal cost of production, a firm must first incur a fixed sampling cost. 3 After learning its marginal cost, a firm chooses output optimally to maximize its profit. A firm's price as a markup over marginal cost of production decreases with the size of the market. Even with a general utility function, this oligopolistic competition framework is very tractable and comparative static results are available. In a closed economy, we show that an increase in the size of the market leads to a decrease in the equilibrium price and an increase in per capita consumption.
The opening of international trade leads to the exit of less efficient firms and not all the surviving firms benefit from the opening of trade. These results are similar to those under monopolistic competition. However, the mechanisms under different types of competition are different. Under monopolistic competition, as the opening of trade increases the number of varieties produced by firms with lower marginal costs, firms with higher marginal costs can not cover their fixed costs and they exit. Under oligopolistic competition, as the opening of trade decreases the price level, this leads to the exit of less efficient firms.
In the literature, Lahiri and Ono [1988] studied the impact of international trade with intra-country firm heterogeneity in which firms engage in oligopolistic competition.
Montagna [1995] and Melitz [2003] addressed the impact of international trade in models featuring heterogeneous firms engage in monopolistic competition. Lahiri and Ono [2004] considered various types of analysis in asymmetric oligopoly models. Qiu and Zhou [2007] examined incentives for firms to merge when they engage in oligopolisitic competition.
They show that firm heterogeneity is a necessary condition for mergers to occur.
The rest of the paper is organized as follows. Section 2 sets up the model. Section 3 studies the equilibrium in a closed economy. Section 4 establishes the existence of a unique equilibrium in an open economy. Section 5 addresses the impact of the opening of international trade. Section 6 discusses some extensions and generalizations of the model and concludes.
The model
In this section, we set up the model. First, we study a consumer's utility maximization problem. Second, we study a firm's decision process. Third, we study the determination of the cutoff level of marginal cost in equilibrium. Finally, the implications of free entry and exit are explored. 
A consumer takes the wage rate and prices of goods as given and chooses quantities of consumption to maximize utility. Let  denote the Lagrangian multiplier associated with a consumer's utility maximization. A consumer's utility maximization leads to
. A consumer's elasticity of demand is defined as
Second, we study a firm's profit maximization. Each product is produced by multiple firms. Similar to Neary [2003a Neary [ , 2003b and Zhou [2004 Zhou [ , 2007a Zhou [ , 2007b whether to exit or begin to produce. As a firm's expected profit decreases with its marginal cost, a firm with a marginal cost higher than a cutoff level is not able to recover its fixed 4 One source of fixed cost is the amount of time spent on learning. A higher amount of time spent on learning leads to more knowledge and this can decrease the marginal cost of producing each unit of output. 5 In this model, firms with relatively high marginal costs are able to sell positive levels of output in a market with some firms having relatively low marginal costs. This is valid if    is not too large.
cost f and will exit. A firm takes the wage rate as given and chooses its level of output to maximize profit.
7 Let q denote a firm's level of output. A firm's profit is q f pq
Optimal choice of output leads to
For each product, let Q denote the aggregate output produced by all firms. The total supply of a product is Q and the total demand for a product is c L . Goods market equilibrium requires that supply equals demand:
In a symmetric equilibrium, prices of all goods are the same and a consumer purchases the same amount of all goods. This leads to 1  pc . Combining this with equation (3) yields (4) L pQ  . 
Plugging equation (5) into equation (2) leads to a firm's level of output:
Equation (6) expresses a firm's output as a function of its marginal cost, a consumer's elasticity of demand, the price level, and aggregate output. When firms are homogeneous, it degenerates to the well-established result that a firm's price as a markup over marginal 7 As there is a continuum of products and each product is produced by multiple firms, a change of one firm's demand for labor does not affect the wage rate. However, a firm does have market power in the output market since each product is produced by a small number of firms. 8 Equation (4) can be derived in a different way. The total value of output is pQ . Since a firm's expected profit before learning its marginal cost is zero, total expected profit is zero. Thus, total factor payment is L . Equalization of the value of output and total factor payment leads to equation (4).
cost under Cournot competition decreases with the number of competing firms. 9 Equation (6) is consistent with our intuition that a firm's market share decreases with its marginal cost.
Third, we study the determination of the cutoff level of marginal cost of production *  . A firm with marginal cost *  earns a profit of zero and a firm drawing a marginal cost higher than *  will exit and never produce. From equation (6), a firm with a marginal cost of  has a profit of
. Thus the cutoff level of marginal cost *  is defined by
Finally, with free entry, a firm's expected profit before learning its marginal cost should be equal to zero. Since the fixed sampling cost is e f , zero profit requires that
As all the goods are symmetric, equation (1) leads to
By plugging the value of Q from equation (4) and the value of c from equation (9) into equations (7) and (8), we get
From its definition,  is a function of c . From equation (9), c is a function of p . Thus,  is a function of p . Equations (10a) and (10b) form a system of two equations defining 9 When there are N homogeneous firms, q N Q  . Equation (6) In this section, we establish the existence of a unique equilibrium in a closed economy. Then we conduct some comparative static studies to explore properties of this equilibrium.
The following assumption is made: The following example will be useful in clarifying this assumption. For simplicity, suppose there is only one firm. Let the relationship between price and quantity be ) ( p . For a firm it tries to maximize profit pq . The first order condition with respect
. From this first order condition, we get p p    . Plugging this 10 As the average units of labor required to produce a unit of output is p , the total demand for labor is pQ .
The total supply of labor is L . Equalization of labor supply and demand leads to equation (4). Thus the labor market is also in equilibrium when equations (10a) and (10b) (10a) and (10b).
QED
The intuition behind the proof of Proposition 1 can be visualized from Figure 1 .
The horizontal axis represents the price level and the vertical axis represents the cutoff level of marginal cost. Equation (10a) is shown as the curve labeled as the cutoff MC condition and equation (10b) is shown as the curve labeled as the free entry condition. The two curves intersect and intersect only once. 
11
With monopolistic competition, a firm's price is independent of the size of labor endowment. The following proposition shows that under Cournot competition, the price decreases and per capita consumption increases with an increase of labor endowment.
Proposition 2: Assumption 1 is sufficient for the equilibrium price to decrease with the endowment of labor and per capita consumption to increase with the endowment of labor.
11 For utility functions with constant elasticity of demand, for example,  is always positive.
Proof: Define * * 2 1 2 1
. An application of Cramer's rule leads to 0     p dL dp .
From equation (9) What is the impact of an increase of labor endowment on average profit of all firms producing positive levels of output? From equation (10b), average profit is *) (
Since it is not clear whether *  increases or not, the impact of an increase of labor endowment on average profit is ambiguous. The reason is that an increase of labor endowment L increases the size of the market and the degree of competition at the same time. If the cutoff level of marginal cost *  decreases, average profit increases.
Otherwise, average profit decreases.
A higher elasticity of demand means a consumer is more responsive to a price change. In this sense, a market with a higher elasticity of demand is more competitive.
For the special case that the elasticity of demand is constant, similar to the proof of Proposition 2, an application of Cramer's rule yields that an increase of elasticity decreases the price level. This result is consistent with our intuition that a market with a higher elasticity of demand is associated with a lower price. The impact of an increase of this elasticity on the cutoff level of marginal cost is ambiguous.
The equilibrium in an open economy
In For domestic firms, the cutoff level of marginal cost to earn a non-negative profit in the domestic market is defined by 
From equations (11) and (12),
One sufficient condition for inequality (13) to be valid is that the fixed cost of international trade is higher than the fixed cost of operating in the home country.
For a firm selling in both domestic and foreign markets, this firm's sales revenue in the home country is higher than its sales revenue from any foreign country. This can be demonstrated as follows. From equation (6), a firm's output in a market is inversely related to its marginal cost. A firm's marginal cost at home is  , while its marginal cost in a foreign country incorporating transportation costs is   . Thus, a firm's quantity of sales in the domestic market is higher than that in any of the foreign markets. As prices in all countries are the same, this firm's domestic revenue is higher than its revenue from any foreign market.
As countries are symmetric, the sum of all foreign firms' revenue in the home country is equal to the sum of all domestic firms' revenue in all foreign countries. Thus the total revenue of all domestic firms with trade is T T Q p . As the wage rate is normalized to one, total domestic factor income is L . Equalization of the total revenue of all domestic firms and total domestic factor income leads to 
Equations (11) and (14) lead to
Equation (12) 
Plugging the value of * x  defined in equation (17) into equation (15) leads to
Equations ( (16a) and (16b). QED
The impact of the opening of international trade
In this section, we study the impact of the opening of international trade.
Total differentiation of equations (16a) and (16b) 
As the price decreases with the number of foreign countries and the wage rate is normalized to one, a consumer's welfare increases with the number of foreign countries.
To prove the opening of trade increases a consumer's welfare, it is sufficient to show that the impact of the opening of trade is a change of n from zero to a positive number. 
To prove the opening of trade leads to the exit of less efficient firms, it is sufficient to show that the impact of the opening of trade is a change of n from zero to a positive number. QED While both monopolistic competition and oligopolistic competition models lead to the result that the opening of trade leads to the exit of less efficient firms, the mechanisms in the two cases are different. Under monopolistic competition, as a consumer's elasticity of demand is larger than one, a firm charging a lower price has a higher level of revenue.
A firm with a lower marginal cost of production charges a lower price and thus has a level of revenue higher than a firm with a higher marginal cost. As the opening of trade increases the number of varieties produced by firms with lower marginal costs, firms with higher marginal costs could not generate enough revenue to cover their fixed costs and they exit.
Under oligopolistic competition, the number of varieties does not change with trade.
Regardless of a consumer's elasticity of demand, a firm with a lower marginal cost sells more than a firm with a higher marginal cost. As the opening of trade decreases the price level, this leads to the exit of less efficient firms. 15 The following is an alternative proof that the opening of trade leads to the exit of less efficient firms. By comparing equations (10b) and (16b), it can be shown that the zero expected profit condition moves down with the opening of trade. As the equation defining the cutoff level of marginal cost does not change, the equilibrium with international trade has a lower level of cutoff marginal cost. That is, some less efficient firms exit.
The following proposition shows that while average profit increases with the opening of trade, some firms lose from it.
Proposition 5 
QED
In the literature, the opening of international trade increases a firm's scale of production when firms are homogeneous, as shown in Lahiri and Ono [1995] . This output expansion decreases average cost of production and leads to the gains from trade. In this model, with firm heterogeneity, the impact of the opening of trade on average firm size is ambiguous. Government policies can change the level of entry costs of foreign firms. Changes of transportation technologies can decrease the level of transportation costs. Historical changes of tariffs and transportation costs are documented in Williamson [2006] . The following proposition studies some implications of changes in transportation costs and entry cost.
Proposition 6: Given Assumption 1, a decrease in transportation costs or entry cost reduces the equilibrium levels of price and the cutoff value of marginal cost. of the opening of international trade on a country with less efficient firms will be complicated. Finally, the model can be generalized to a dynamic way by incorporating a firm's development of new technologies.
